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©  A  polyester  is  improved  in  stability  in  the  polymerization 
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material  monomer  till  forming  after  completion  of  polymer- 
ization  reaction  so  that  0.002  to  1  .0  wt.  %  may  be  contained  in 
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residual  group  of  dicarboxylic  acid  and  residual  group  of 
dihydroxy  compound  as  principal  constituent  units. 
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where  each  of  R\  R2,  R3  and  R4  is  an  alkyl  group,  a 
substituted  alkyl  group,  an  aryl  group  or  a  substituted  aryl 
group  with  the  number  of  carbons  ranging  either  equally  or 
differently  from  1  to  25,  and  R5  denotes  an  alkylene  group,  or 
a  substituted  alkylene  group,  an  arylene  group  or  a  substi- 
tuted  arylene  group  with  the  number  of  carbons  ranging 
from  4  to  33. 
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T h i s   i n v e n t i o n   r e l a t e s   to  an  i m p r o v e d   m e t h o d   o f  

p r e p a r a t i o n   of  p o l y e s t e r ,   b e i n g   e n h a n c e d   in  t h e  

d e c o m p o s i t i o n   s t a b i l i t y   in  t h e   p o l y c o n d e n s a t i o n   r e a c t i o n  

by  u s i n g   a  n o v e l   p h o s p h o r u s   c o m p o u n d ,   in  p r o d u c t i o n   o f  

p o l y e s t e r ,   e s p e c i a l l y   t h e r m o p l a s t i c   p o l y e s t e r   of  w h i c h  

p r i n c i p a l   c h a i n   is  w h o l l y   or  p a r t l y   l i n e a r .  

A  p o l y e s t e r ,   f o r   e x a m p l e ,   p o l y t e t r a m e t h y l e n e  

t e r e p h t h a l a t e   w h i c h   i s   a  l i n e a r   t h e r m o p l a s t i c   p o l y e s t e r  

may  be  d e c o m p o s e d   i n  m o l e c u l e s   or  c o l o u r e d  d u e  t o  t h e  

e f f e c t s   of  h e a t ,   o x y g e n   ( a i r ) ,   l i g h t   or  t h e - l i k e  c u r i n g  

i t s   m a n u f a c t u r e ,   d u r i n g   p r o c e s s i n g   a f t e r   m a n u f a c t u r e ,  o r  

d u r i n g   u s e . . L n   p a r t i c u l a r ,   in   t he   f u s i o n   a n d  

p o l y c o n d e n s a t i o n   r e a c t i o n   p r o c e s s ,   a  d e s i r e d   d e g r e e - o f .  

p o l y m e r i z a t i o n   may  no t   be  a c h i e v e d   due  to  p y r o l y s i s .  

S t i l l   w o r s e ,   due  to  s u c h   p y r o l y s i s ,   a  low  m o l e c u l a r   w e i g h t  

m a t t e r   may  be  f o rmed   and  c o l l e c t e d   in  the   p o l y m e r i z a t i o n  

a p p a r a t u s ,   w h i c h   may  s e r i o u s l y   a f f e c t   the   s u b s e q u e n t  

o p e r a t i o n   of  the   a p p a r a t u s .   To  a v o i d   such   t r o u b l e ,  

c o n v e n t i o n a l l y ,   a n t i o x i d a n t   of  p h e n o l   c o m p o u n d ,   a m i n e  

c o m p o u n d ,   p h o s p h o r i c   a c i d ,   e s t e r   p h o s p h a t e ,   p h o s p h r o u s  

a c i d ,   e s t e r   p h o s p h i t e   and  t h e   l i k e   have   been   u s e d   a s  t h e  

s t a b i l i z e r s   in  p r e p a r a t i o n   of  p o l y e s t e r .   T h e s e   m a t e r i a l s  

were   no t   s u f f i c i e n t   in   t h e  e f f i c a c y ,   and  amine   c o m p o u n d s ,  
in  p a r t i c u l a r ,   had  a  d i s a d v a n t a g e   of  e x t r e m e l y   c o l o u r i n g  

t h e   s t a b i l i z e d   p o l y e s t e r   due   to  the   e f f e c t   of  h e a t   a n d  



l i g h t .   In  t h i s   b a c k g r o u n d ,   t h e   p r e s e n t   i n v e n t o r s   h a v e  

b e e n   i n t e n s i v e l y   s t u d y i n g   to  o b t a i n   a  p o l y e s t e r   wh ich   i s  

h a r d l y   d e c o m p o s e d   and  is   n e v e r   c o l o u r e d   due  to  the   e f f e c t s  

of  h e a t ,   o x y g e n   ( a i r ) ,   l i g h t   or  t h e   l i k e   d u r i n g   and  a f t e r  

t h e   m a n u f a c t u r e   of  p o l y e s t e r .   As  a  r e s u l t ,   i t   has  b e e n  

f o u n d   t h a t   t h e   a b o v e - d i s c u s s e d   p r o b l e m s   may  be  s o l v e d   b y  

a d d i n g   a  p h o s p h o n i t e   c o m p o u n d   shown   in  t he   g e n e r a l   f o r m u l a  

( I )  

w h e r e   e a c h   of  R1,  R2,  R 3  a n d   R4  is   an  a l k y l   g r o u p ,  
a  s u b s t i t u t i o n e d   a l k y l   g r o u p   and  a r y l   g r o u p   or  a  
s u b s t i t u t i o n e d   a r y l   g r o u p   w i t h   t h e   number   of  c a r b o n s  

r a n g i n g   e i t h e r   e q u a l l y   or  d i f f e r e n t l y   f rom  1  to  25,  a n d  
R5  d e n o t e s   an  a l k y l   g r o u p   a  s u b s t i t u t e d   a l k y l  g r o u p ,   a n  

a r y l   g r o u p   or  a  s u b s t i t u t e d   a r y l   g r o u p   w i t h   t h e   number   o f  

c a r b o n s   r a n g i n g   f r o m . 4   to  33 ,   in   t h e   p r o c e s s   o f  

p r e p a r a t i o n   of  p o l y e s t e r   c o m p o s e d   of  a  r e s i d u a l   g r o u p   o f  

d i c a r b o x y l i c   a c i d   and  a  r e s i d u a l   g r o u p   of  h y d r o x y   c o m p o u n d  

as  p r i n c i p a l   c o n s t i t u e n t   u n i t s   of  t h e   p o l y e s t e r ,   w h i c h   h a s  

l e d   to  t h i s   i n v e n t i o n .  

The  p o l y e s t e r   p r e p a r e d   i n   t h i s   m e t h o d   may  be  e i t h e r  

h o m o p o l y e s t e r   or  c o p o l y e s t e r .   E x a m p l e s   of  m a t e r i a l  

monomer  of  t he   r e s i d u a l   g r o u p   of  d i c a r b o x y l i c   a c i d   as  t h e  

c o n s t i t u e n t   u n i t   of  the   p o l y e s t e r   may  i n c l u d e   t e r e p h t h a l i c  

a c i d ,   i s o p h t h a l i c   a c i d ,   n a p h t h a l e i n - 2 ,   6 - d i c a r b o x y l i c  

a c i d ,   d i p h e n y l   d i c a r b o x y l i c   a c i d ,   d i p h e n y l e t h e r  

d i c a r b o x y l i c   a c i d ,   a d i p i c   a c i d ,   s e b a c i c   a c i d ,   and  o t h e r  

known  r e s i d u a l   g r o u p   of  d i c a r b o x y l i c   a c i d ,   and  i t s   l o w e r  

f a t t y   a c i d   e s t e r s .   On  t h e   o t h e r   h a n d ,   e x a m p l e s   o f  

m a t e r i a l   monomer   of  r e s i d u a l   g r o u p   of  h y d r o x y   compound  a s  

o t h e r   c o n s t i t u e n t   u n i t   to  c o m p o s e   e s t e r   i n c l u d e   e t h y l e n e  

g l y c o l ,   p r o p y l e n e   g l y c o l ,   b u t a n e   d i o l ,   n e o p e n t y l e   g l y c o l ,  

m e t h y l p r o p a n e   d i o l ,   c y c l o h e x a n e   d i m e t h a n o l ,   x y l i l e n e   d i o l ,  



h y d r o q u i n o n e ,   b i s p h e n o l   A  and  o t h e r   h y d r o x y   c o m p o u n d s .  

F u r t h e r m o r e ,   the   p o l y e s t e r   of  t h i s   i n v e n t i o n   may  c o n t a i n   a  

m o i t y   of  a  r e s i d u a l   g r o u p   of  a  compound   i n t e n d e d   to  m o d i f y  

the   p o l y e s t e r .   E x a m p l e s   of  r e s i d u a l   g r o u p   of  s u c h  

compound   i n c l u d e   p - h y d r o x y   b e n z o i c   a c i d ,  

3 , 5 - d i c a r b o x y b e n z e n e   s o d i u m   s u l f o n a t e ,   d i ( h y d r o x y e t h y l )  

e t h e r   of  t e t r a b r o m   b i s p h e n o l   A,  p o l y e t h y l e n e   g l y c o l ,  

p o l y p r o p y l e n e   g l y c o l ,   p o l y b u t y l e n e   g l y c o l ,   o l i g o a m i d e ,  

o l i g o c a r b o n a t e ,   and  r e s i d u a l   g r o u p   of  s u c h   c o m p o u n d s ,  

t r i m e l l i t i c   a c i d ,   p y r o m e l l i t i c   a c i d ,   t r i m e t h y l o l   p r o p a n e ,  

g l y c e r i n ,   p e n t a e r y t h r i t o l ,   and  r e s i d u a l   g r o u p   of  o t h e r  

m u l t i f u n c t i o n a l   c o m p o u n d s .  

The  p o l y e s t e r   m a n u f a c t u r e d   in  t h i s   i n v e n t i o n   is  a 

t h e r m o p l a s t i c   p o l y e s t e r   of  w h i c h   p r i n c i p l e   c h a i n   is  w h o l l y  

or  p a r t l y   l i n e a r .   In  t h e   p r o c e s s   of  e s t e r   e x c h a n g e  

r e a c t i o n   or  e s t e r i f i c a t i o n   r e a c t i o n ,   a  p o l y e s t e r   p r e c u r s o r  
is   s y n t h e s i z e d ,   and  in  t h e   s u b s e q u e n t   p r o c e s s   o f  

p o l y c o n d e n s a t i o n   r e a c t i o n ,   a  p o l y m e r   is   p r o d u c e d   by  a  

c o n v e n t i o n a l   m e t h o d .   As  t h e   c a t a l y s t ,   any   known  m a t e r i a l  

may  be  u s e d ,   of  w h i c h   e x a m p l e s   i n c l u d e   c a l c i u m ,   m a g n e s i u m ,  

z i n c ,   cadmium  or  o t h e r   I I - a ,   b  g r o u p   m e t a l ,   t i t a n i u m ,  

g e r m a n i u m ,   t i n ,   l e a d ,   a n t i m o n y ,   m a n g a n e s e   or  o t h e r  I V - a ,   b  

g r o u p   or  V-b  g r o u p   m e t a l ' s   i n o r g a n i c   a c i d   s a l t ,  o r g a n i c  

a c i d   s a l t ,   h y d r o x i d e ,   o x i d e ,   and  a l k o x i d e .  

In  the   f o r m u l a   of  a  n o v e l   p h o s p h o n i t e  c o m p o u n d  

e x p r e s s e d   in  the   g e n e r a l   f o r m u l a   ( I )   w h i c h   i s - u s e d   i n  t h i s  

i n v e n t i o n ,   e a c h   of  R1,  R2,  R3  and  R4  i s ,   a s  

m e n t i o n e d   a b o v e ,   an  a l k y l   g r o u p ,   a  s u b s t i t u t e d   a l k y l  

g r o u p ,   an  a r y l   g r o u p   or  a  s u b s t i t u t e d   a r y l   g r o u p   w i t h  

the   number   of  c a r b o n s   r a n g i n g   f rom  1  to  25,  w h e t h e r   b e i n g  

i d e n t i c a l   of  d i f f e r e n t .   T h e i r   e x a m p l e s   may  i n c l u d e  

m e t h y l ,   e t h y l ,   b u t y l ,   o c t y l ,   d e c y l ,   l a u r y l ,   t r i d e c y l ,  

s t e a r y l ,   p h e n y l ,   a l k y l   a n d / o r   a l k o x y   s u b s t i t u t e d   p h e n y l s .  
R   d e n o t e s   an  a l k y l ( e n e )   g r o u p ,   a 

s u b s t i t u t e d   a l k y l ( e n e )   g r o u p ,   an  a r y l ( e n e )   g r o u p   or  a  

s u b s t i t u t e d   a r y l ( e n e )   g r o u p   w i t h   t h e   number   of  c a r b o n s  



r a n g i n g   f r o m   4  to  33,  of  w h i c h   e x a m p l e s   may  i n c l u d e  

b u t y l e n e ,   o c t y l e n e ,   p h e n y l e n e ,   n a p h t h y l e n e ,   d i p h e n y l e n e ,  

a n d  

where   X  i s   any   one  of  oxy  g r o u p ,   s u l f o n y l   g r o u p ,   c a r b o n y l  

g r o u p .   m e t h y l e n e   g r o u p ,   e t h y l i d e n e   g r o u p ,   b u t y l i d e n e  

g r o u p ,   i s o p r o p y l   g r o u p ,   and  d i a z o   g r o u p ,   e t c .   A 

p a r t i c u l a r l y   p r e f e r a b l e   p h o s p h o n i t e   c o m p o u n d   i s  

t e t r a k i s ( 2 , 4 - d i - t - b u t y l p h e n y l ) 4 , 4 - d i p h e n y l e n e   p h o s p h o n i t e .  

One  or  more   t y p e s   of  t h e s e   p h o s p h o n i t e   c o m p o u n d s   m a y  
be  used   in   m i x t u r e .   Such  p h o s p h o n i t e   c o m p o u n d s   may  b e  

added  a t   any   d e s i r e d   t i m i n g   d u r i n g   or  a f t e r   b l e n d i n g   o f  

the   monomer   m a t e r i a l ,   bu t   the   i n i t i a l   r e a c t i o n   may  b e  

r e t a r d e d   when  t he   a d d i t i o n   is  made  a d d e d   b e f o r e   or  in  t h e  

e a r l y   s t a g e   of  e s t e r   e x c h a n g e   r e a c t i o n   or  d i r e c t  

e s t e r i f i c a t i o n   r e a c t i o n .   T h e r e f o r e ,   i t   i s   p r e f e r a b l e   t o  
add  in  t h e   n e x t   s t e p ,   t h a t   i s ,   d u r i n g   t h e   p r o c e s s   o f  

p o l y c o n d e n s a t i o n   r e a c t i o n .   For   i n s t a n c e ,   w h e n  

m a n u f a c t u r i n g   p o l y t e t r a m e t h y l e n e   t e r e p h t h a l a t e   a s  

p o l y e s t e r ,   a  p o l y e s t e r   p r e c u r s o r   is  s y n t h e s i z e d   in   t h e  

p r o c e s s   of  e s t e r   e x c h a n g e   r e a c t i o n   of  d i m e t h y l  

t e r e p h t h a l i c   a c i d   and  b u t a n e - l , 4 - d i o l   or  e s t e r i f i c a t i o n  

r e a c t i o n   of  t e r e p h t h a l i c   a c i d   and  b u t a n e - 1 , 4 - d i o l ,   a n d  

t h e n   by  a d d i n g   s a i d   p h o s p h o n i t e   c o m p o u n d ( s )   b e f o r e   t h e  

p r o c e s s   of   p o l y c o n d e n a t i o n   p r o c e s s   or  b e f o r e   t h e   v i s c o s i t y  

b e g i n s   to  e l e v a t e   in  t he   m i d s t   of  the   p r o c e s s ,   a  p o l y m e r  

is  m a n u f a c t u r e d .   In  p a r t i c u l a r ,   when  t h e   p h o s p h o n i t e  

compound  i s   a d d e d   in   t he   e a r l i e r   s t a g e   of  t h e  

p o l y c o n d e n s a t i o n   r e a c t i o n ,   i t   is  more  e f f e c t i v e   to  i n h i b i t  

d e c o m p o s i t i o n   d u r i n g   p o l y c o n d e n s a t i o n   r e a c t i o n   and  o b t a i n  

a  h i g h e r   d e g r e e   of  p o l y m e r i z a t i o n .   Not  to  m e n t i o n ,   t h e  

p h o s p h o n i t e   c o m p o u n d   of  t h i s   i n v e n t i o n   is   e f f e c t i v e   i n  

m a i n t a i n i n g   t h e   s t a b i l i t y   of  f o r m e d   a r t i c l e   i f   a d d e d  

d u r i n g   e x t r u s i o n   p e l l e t i z a t i o n   or  f o r m i n g   a f t e r   c o m p l e t i o n  

of  p o l y m e r i z a t i o n   of  p o l y e s t e r .  



Such  p h o s p h o n i t e   compound   is   p r e f e r a b l y   a d d e d   so  a s  

to  be  c o n t a i n e d   by  0 . 0 0 2   wt.%  to  1 .0   wt.  %  of  t h e   o b t a i n e d  

p o l y e s t e r .   If   a d d e d  m o r e   t h a n   1 .0   wt.   %,  t h e   r a t e   o f  

p o l y m e r i z a t i o n   b e c o m e s   s l o w ,   and  a  d e s i r e d   e f f e c t   may  n o t  

be  o b t a i n e d .   A  p r e f e r a b l e   a d d i t i o n   is  0 . 0 1   w t .   %  to  0 . 5  

wt .   %,  or  more  p r e f e r a b l y   0 . 0 3   w t .  %   to  0 .3   w t .   %. 

In  p o l y c o n d e n s a t i o n   by  a d d i n g   the   p h o s p h o n i t e  

compound  of  t h i s   i n v e n t i o n ,   i t   is   a l s o   p o s s i b l e   to  a d d  

known  a d d i t i v e s   as  r e q u i r e d   d e p e n d i n g   on  t h e   p u r p o s e s ,  
s u c h   as  t i t a n i u m   o x i d e ,   c a r b o n   b l a c k   or  o t h e r   p i g m e n t ,   a n d  

s t a b i l i z e r ,   p l a s t i c i z e r ,   f i l l e r ,   n u c l e a t i n g   a g e n t ,  

l u b r i c a n t ,   f l a m e   r e t a r d a n t ,   and  g l a s s   f i b e r   and  o t h e r  

r e i n f o r c i n g   a g e n t s .  

A c c o r d i n g   to  t h i s   i n v e n t i o n ,   s i n c e   the   e f f e c t   t o  

i n h i b i t   p y r o l y s i s   in  m a n u f a c t u r e   of  p o l y e s t e r   i s   g r e a t ,   a 

h i g h e r   d e g r e e   of  p o l y m e r i z a t i o n   no t   e x p e r i e n c e d   in   t h e  

c o n v e n t i o n a l   f u s i o n   p o l y m e r i z a t i o n   m e t h o d   may  be  e a s i l y  

a c h i e v e d ,   and  t he   t i m e   to  o b t a i n   a  d e s i r e d   d e g r e e   o f  

p o l y m e r i z a t i o n   is  s h o r t e r   t h a n   in  the   c o n v e n t i o n a l  

p r o c e s s .   At  t h e   same  t i m e ,   t h e r m a l   d e t e r i o r a t i o n ,  

o x i d a t i o n   d e t e r i o r a t i o n   and  c o l o u r i n g   a r e   s c a r c e ,   d u r i n g  

p r o c e s s i n g   a f t e r   m a n u f a c t u r e   or  d u r i n g   u s e .  

T h i s   i n v e n t i o n   i s   f u r t h e r   d e s c r i b e d   b e l o w - b y  

r e f e r r i n g   to  i t s   e m b o d i m e n t s   and  r e f e r e n c e   e x a m p l e s ,  a n d  

i t   is  a  m a t t e r   of  c o u r s e   t h a t   t h i s   i n v e n t i o n   i s   n o t  

l i m i t e d   to  the   m e n t i o n e d   e m b o d i m e n t s   a l o n e .  

The  m e a s u r i n g   m e t h o d s   and  c o n d i t i o n s   e m p l o y e d   in  t h e  

e m b o d i m e n t s   and  r e f e r e n c e   e x a m p l e s   a re   as  f o l l o w s .  

°  M e a s u r e m e n t   of  i n t r i n s i c   v i s c o s i t y   ( I . V . )  

U s i n g   o - c h l o r o p h e n o l   as  s o l v e n t ,   I . V .   was  m e a s u r e d  b y  

c o n v e n t i o n a l   p r o c e d u r e   a t   2 5 ° C .  

°  C a l c u l a t i o n   of  d i s c o l o u r a t i o n   d e g r e e   E 

The  t e s t   p i e c e   was  pu t   24  h o u r s   in  a  t h e r m o s t a t i c  

oven   ( 1 8 5 ° C )   in  the   a i r ,   and  L,  a,  b  were   m e a s u r e d   b y  

means  of  a  c o l o u r   d i f f e r e n c e   m e t e r   b e f o r e   and  a f t e r   t h e  

t r e a t m e n t ,   and  d e l t a   E  was  c a l c u l a t e d   in  t h e   f o l l o w i n g  



e q u a t i o n ,   w h i c h   s h o w s   the   t e n d e n c y   of  d i s c o l o u r a t i o n   i s  

s t r o n g e r   when  t h e   v a l u e   of  d e l t a   E  is   g r e a t e r .  

w h e r e   Lo,  ao,   b o  :   c o l o u r s   b e f o r e   t r e a t m e n t  

L,  a,  b  :  c o l o u r s   a f t e r   t r e a t m e n t  

E m b o d i m e n t   1 

D i m e t h y l   t e r e p h t h a l a t e   by  5820  g,  b u t a n e - l , 4 - d i o l   b y  

3240  g,  and  t e t r a - n - b u t y l   t i t a n a t e   by  4 . 6 6   g  as  c a t a l y s t  

we re   pu t   in  a  r e a c t i o n   v e s s e l ,   and  an  e s t e r   e x c h a n g e  
r e a c t i o n   was  c o n d u c t e d   a t   1 9 5 ° C ,   and  t h i s   t e m p e r a t u r e   w a s  

h e l d   f o r   20  m i n u t e s   a t   a  r e d u c e d   p r e s s u r e   of  150  T o r r   t o  

s y n t h e s i z e   a  p o l y e s t e r   p r e c u r s o r .   T h e n  

t e t r a k i s ( 2 , 4 - d i - t - b u t y l p h e n y l ) 4 , 4 ' - d i p h e n y l e n e   p h o s p h o n i t e  

by  3 . 4 9   g  was  a d d e d   t o g e t h e r   w i t h   b u t a n e - l , 4 - d i o l ,   and  t h e  

t e m p e r a t u r e   was  r a i s e d   to  250°C   w h i l e   t he   p r r s s u r e   w a s  

g r a d u a l l y   r e d u c e d .   When  d e c o m p r e s s e d   to  l e s s   t h a n   1  T o r r  

and  h e a t e d   up  to   2 5 0 ° C ,   a  p o l y c o n d e n s a t i o n   r e a c t i o n   w a s  

c o n d u c t e d   f o r   3  h o u r s   and  30  m i n u t e s .   The  I . V .   of  t h u s  

o b t a i n e d   p o l y m e r   was  1 . 1 0 .  

To  e v a l u a t e   t h e   h e a t   r e s i s t a n c e ,   f u r t h e r m o r e ,  

p o l y m e r   p e l l e t s   w e r e   t r e a t e d   in   the   a i r   in   a  t h e r m o s t a t i c  

oven   c o n t r o l l e d   a t   185°C   f o r   24  h o u r s ,   and  the   d r o p  

d e l t a   I . V .   of  i n t r i n s i c   v i s c o s i t y   a f t e r   t he   t r e a t m e n t   w a s  

0 . 1 6 .   In  t he   s ame   c o n d i t i o n s ,   t he   d i s c o l o u r a t i o n   d e g r e e  

d e l t a   E,  was  8 . 7 .  

R e f e r e n c e   e x a m p l e   1 

A  p o l y e s t e r   was  p r e p a r e d   in  the   same  p r o c e d u r e  a s   i n  

e m b o d i m e n t   1,  e x c e p t   t h a t  

t e t r a k i s ( 2 , 4 - d i - t - b u t y l p h e n y l ) 4 , 4 ' - d i p h e n y l e n e   p h o s p h o n i t e  

was  r e p l a c e d   by  t h e   same  q u a n t i t y   of  t r i d e c y l   p h o s p h i t e .  

The  I . V .   of  t h e   o b t a i n e d   p o l y m e r   was  0 . 8 9 .   The  d r o p  

d e l t a   I .V .   of  i n t r i n s i c   v i s c o s i t y   a f t e r   t r e a t m e n t   o f  

p o l y m e r   p e l l e t s   in   t h e   same  p r o c e d u r e   as  in  e m b o d i m e n t   1 

was  0 . 2 1 ,   and  t h e   d i s c o l o u r a t i o n   d e g r e e   d e l t a   E,  w a s  

1 4 . 5 .  



E m b o d i m e n t   2 

D i m e t h y l   t e r e p h t h a l a t e   by  5820   g,  b u t a n e - 1 , 4 - d i o l   b y  

3380  g,  and  t e t r a - n - b u t y l   t i t a n a t e   by  3 . 4 9   g  as  c a t a l y s t  

w e r e   put   in  a  r e a c t i o n   v e s s e l ,   and  an  e s t e r   e x c h a n g e  

r e a c t i o n   was  c o n d u c t e d   a t   1 9 5 ° C ,   and  t h i s   t e m p e r a t u r e   w a s  
h e l d   f o r   20  m i n u t e s   a t   a  r e d u c e d   p r e s s u r e   of  150  T o r r   t o  

s y n t h e s i z e   a  p o l y e s t e r   p r e c u r s o r .   T h e n  

t e t r a k i s ( 2 , 4 - d i - t - b u t y l p h e n y l ) 4 , 4 ' - d i p h e n y l e n e   p h o s p h o n i t e  

by  3 . 4 9   g  was  a d d e d   t o g e t h e r   w i t h   b u t a n e - 1 , 4 ' - d i o l ,   a n d  

t h e   t e m p e r a t u r e   was  r a i s e d   to  2 5 0 ° C   w h i l e   r e d u c i n g   t h e  

p r e s s u r e   g r a d u a l l y .   When  d e c o m p r e s s e d   to  l e s s   t h a n   1  T o r r  

and  h e a t e d   up  to  250°C,   a  p o l y c o n d e n s a t i o n   r e a c t i o n   w a s  
c o n d u c t e d   fo r   1  hour   and  50  m i n u t e s .   The  I .V .   of  t h u s  

o b t a i n e d   p o l y m e r   was  0 . 7 5 .  

To  e v a l u a t e   the   h e a t   r e s i s t a n c e ,   f u r t h e r m o r e ,   p o l y m e r  

p e l l e t s   were   t r e a t e d   in  the   a i r   in   a  t h e r m o s t a t i c   o v e n  

c o n t r o l l e d   a t   185°C  f o r   24  h o u r s ,   and  t h e   d r o p   d e l t a  

I . V .   of  i n t r i n s i c   v i s c o s i t y   a f t e r   t h e   t r e a t m e n t   was  0 . 1 2 .  

In  t h e   same  c o n d i t i o n s ,   t he   d i s c o l o u r a t i o n   d e g r e e   d e l t a  

E  was  7 . 5 .  

R e f e r e n c e   e x a m p l e   2 

A  p o l y e s t e r   p r e c u r s o r   was  s y n t h e s i z e d   in  t h e  s a m e  

p r o c e d u r e   as  in  e m b o d i m e n t   2,  and  3 . 4 9   g  o f  

t r i s ( t r i d e c y l ) p h o s p h i t e   was  a d d e d   t o g e t h e r   w i t h  

b u t a n e - l , 4 - d i o l ,   and  the   t e m p e r a t u r e   was  r a i s e d   t o  2 5 0 ° C  

w h i l e   r e d u c i n g   the   p r e s s u r e   g r a d u a l l y .   At  l e s s   t h a n  1  

T o r r ,   a  p o l y c o n d e n s a t i o n   r e a c t i o n   was  c o n d u c t e d .   I n  t h i s  

c a s e ,   i t   t ook   2  h o u r s   and  30  m i n u t e s   a f t e r   r e a c h i n g   2 5 0 ° C  

to  o b t a i n   a  p o l y m e r   of  w h i c h   I . V .   i s   0 . 7 5 .  

A f t e r   t r e a t i n g   the   p o l y m e r   p e l l e t s   s i m i l a r l y  a s   i n .  

e m b o d i m e n t   2,  t he   d rop   d e l t a   I . V .   of  i n t r i n s i c  v i s c o s i t y  

was  0 . 0 6 ,   and  the   d i s c o l o u r a t i o n   d e g r e e   d e l t a   E  w a s  

1 4 . 2 .  

E m b o d i m e n t   3 

D i m e t h y l   t e r e p h t h a l a t e   by  5820  g,  b u t a n e - l , 4 - d i o l   b y  

3375  g,  and  t e t r a - n - b u t y l   t i t a n a t e   by  9 . 7 5   as  c a t a l y s t  

w e r e   pu t   in  a  r e a c t i o n   v e s s e l ,   and  an  e s t e r   e x c h a n g e  



r e a c t i o n   was  c o n d u c t e d   a t   1 9 5 ° C ,   and  t h i s   t e m p e r a t u r e   w a s  

h e l d   f o r   20  m i n u t e s   u n d e r   r e d u c e d   p r e s s u r e   of  150  T o r r   t o  

s y n t h e s i z e   a  p o l y e s t e r   p r e c u r s o r .   T h e n  

t e t r a k i s ( 2 , 4 - d i - t - b u t y l p h e n y l ) 4 , 4 1 - d i p h e n y l e n e   p h o s p h o n i t e  

by  1 7 . 4 6   g  was  a d d e d   t o g e t h e r   w i t h   b u t a n e - l , 4 - d i o l ,   a n d  

t h e   t e m p e r a t u r e   was  r a i s e d   to  245°C  w h i l e   g r a d u a l l y  

r e d u c i n g   the   p r e s s u r e .   When  d e c o m p r e s s e d   to  l e s s   t h a n   1 

T o r r   and  h e a t e d   up  to  2 4 5 ° C ,   a  p o l y c o n d e n s a t i o n   r e a c t i o n  

was  c o n d u c t e d   f o r   2  h o u r s .   The  I . V .   of  t h e   o b t a i n e d  

p o l y m e r   was  0 . 9 1 .  

A f t e r   2 4 - h o u r   t r e a t m e n t   of  p o l y m e r   p e l l e t s   in  t he   a i r  

in  a  t h e r m o s t a t i c   oven   c o n t r o l l e d   at   1 8 5 ° C ,   t he   d r o p  

d e l t a   I . V .   of  i n t r i n s i c   v i s c o s i t y   was  0 . 0 3 ,   and  t h e  

d i s c o l o u r a t i o n   d e g r e e   d e l t a   E  in  the   same  c o n d i t i o n s   w a s  

7 . 3 .  

R e f e r e n c e   e x a m p l e   3 

A  p o l y e s t e r   p r e c u r s o r   was  s y n t h e s i z e d   in  t he   s a m e  

p r o c e d u r e   as  in  e m b o d i m e n t   3,  and  1 7 . 4 6   g  of  t r i p h e n y l  

p h o s p h i t e   was  a d d e d   t o g e t h e r   w i t h   b u t a n e - l , 4 - d i o l ,   and  t h e  

t e m p e r a t u r e   was  r a i s e d   to  2 4 5 ° C   w h i l e   r e d u c i n g   t h e  

p r e s s u r e   g r a d u a l l y .   When  d e c o m p r e s s e d   to  l e s s   t h a n   1  T o r r  

and  h e a t e d   up  to  2 4 5 ° C ,   a  p o l y c o n d e n s a t i o n   r e a c t i o n   w a s  

c o n d u c t e d   f o r   2  h o u r s .   The  I . V .   of  t h u s   o b t a i n e d  

p o l y m e r   was  0 . 8 5 .  

A f t e r   2 4 - h o u r   t r e a t m e n t   of  p o l y m e r   p e l l e t s   in  t he   a i r  

in  a  t h e r m o s t a t i c   oven   c o n t r o l l e d   a t   1 8 5 ° C ,   t h e   d r o p  

d e l t a   I . V .   of  i n t r i n s i c   v i s c o s i t y   was  0 . 0 4 ,   and  t h e  

d i s c o l o u r a t i o n   d e g r e e   d e l t a   E  in  t h e   same  c o n d i t i o n s  

was  2 1 . 5 .  

E m b o d i m e n t   4 

T e r e p h t h a l i c   a c i d   by  4980   g,  b u t a n e - l , 4 - d i o l   by  4 5 9 0  

g,  and  t e t r a - n - b u t y l   t i t a n a t e   by  3 . 9 8   g  as  c a t a l y s t   w e r e  

put  in  a  r e a c t i o n   v e s s e l ,   and  an  e s t e r i f i c a t i o n   r e a c t i o n  

was  c o n d u c t e d   a t   2 2 0 ° C ,   and  t h i s   t e m p e r a t u r e   was  h e l d   f o r  

20  m i n u t e s   a t   r e d u c e d   p r e s s u r e   of  150  T o r r   to  s y n t h e s i z e   a  

p o l y e s t e r   p r e c u r s o r .   Then   t e t r a k i s  



( 2 , 4 - d i - t - b u t y l p h e y n y l ) 4 , 4 1 - d i p h e n y l e n e   p h o s p h o n i t e   b y  

3 .98   g  was  a d d e d   t o g e t h e r   w i t h   b u t a n e - 1 , 4 - d i o l ,   and  t h e  

t e m p e r a t u r e   was  r a i s e d   to  2 5 0 ° C   w h i l e   r e d u c i n g   t h e  

p r e s s u r e  g r a d u a l l y .   When  d e c o m p r e s s e d   to  l e s s   t h a n   1  T o r r  

and  h e a t e d   up  to  250°C,   a  p o l y c o n d e n s a t i o n   r e a c t i o n   w a s  

c o n d u c t e d   f o r   2  h o u r s   and  30  m i n u t e s .   The  IV  of  t h u s  

o b t a i n e d   p o l y m e r   was  1 . 0 2 .  

A f t e r   2 4 - h o u r   t r e a t m e n t   of  p o l y m e r   p e l l e t s   in  the   a i r  

in  a  t h e r m o s t a t i c   oven  c o n t r o l l e d   a t   1 8 5 ° C ,   t h e  

d rop   d e l t a   I . V .   of  i n t r i n s i c   v i s c o s i t y   was  0 . 0 2 ,   and  t h e  

d i s c o l o u r a t i o n   d e g r e e   d e l t a   E  in  t he   same  c o n d i t i o n s   w a s  

7 . 9 .  



1.  A  m e t h o d   of  p r e p a r a t i o n   of  p o l y e s t e r  

c h a r a c t e r i z e d   by  a d d i t i o n   of  one  or  more   k i n d s   o f  

p h o s p h o n i t e   c o m p o u n d   shown  in  the   g e n e r a l   f o r m u l a   b e l o w  

a t   an  a r b i t r a r y   t i m i n g   f rom  the   s t a g e   of  a d d i t i o n   o f  

m a t e r i a l   monomer  t i l l   f o r m i n g   a f t e r   c o m p l e t i o n   o f  

p o l y m e r i z a t i o n   r e a c t i o n   so  t h a t   0 . 0 0 2   to   1 . 0   wt .   %  m a y  
be  c o n t a i n e d   in  t h e   o b t a i n e d   p o l y s t e r ,   in   p r o d u c t i o n   o f  

p o l y e s t e r   p o s s e s s i n g   a  r e s i d u a l   g r o u p   of  d i c a r b o x y l i c  

a c i d   and   a  r e s i d u a l   g r o u p   of  d i h y d r o x y   c o m p o u n d   a s  

p r i n c i p a l   c o n s t i t u e n t   u n i t s ;   the   s a i d   f o r m u l a   b e i n g : -  

w h e r e   e a c h   of  R1,  R2,  R 3  a n d   R   is  an  a l k y l  

g r o u p .   a  s u b s t i t u t e d   a l k y l   g r o u p ,   an  a r y l   g r o u p   o r  a  

s u b s t i t u t e d   a r y l   g r o u p   w i t h   the   n u m b e r  o f   c a r b o n s  

r a n g i n g   e i t h e r   e q u a l l y   or  d i f f e r e n t l y   f r o m  1  t o  2 5 .   a n d  
R5  d e n o t e s   an  a l k y l   g r o u p ,   a  s u b s t i t u t e d   a l k y l   g r o u p ,  

an  a r y l   g r o u p   or  a  s u b s t i t u t e d   a r y l   g r o u p   w i t h  t h e  

n u m b e r   of  c a r b o n s   r a n g i n g   f rom  4  to  3 3 .  

2.  A  m e t h o d   of  p r e p a r a t i o n   of  p o l y e s t e r   as  s e t  

f o r t h   in   c l a i m   1,  w h e r e i n   as  the  p r i n c i p a l   c o n s t i t u e n t  

u n i t s   of  t he   p o l y e s t e r   the   r e s i d u a l   g r o u p   o f  

d i c a r b o x y l i c   a c i d   is  a  r e s i d u a l   g r o u p   of  t e r e p h t h a l i c  

a c i d ,   and   t he   d i h y d r o x y   compound  is   a  p o l y t e t r a m e t h y l e n e  

t e r e p h t h a l a t e   b e i n g   c o m p o s e d   of  r e s i d u a l   g r o u p   o f  

b u t a n e - l , 4 - d i o l .  



3.  A  m e t h o d   of  p r e p a r a t i o n   of  p o l y e s t e r   as  s e t   f o r t h   i n  

c l a i m   1  or  2,  w h e r e i n   the   p h o s p h o n i t e   c o m p o u n d   is  a d d e d   i n  

an  e a r l y   s t a g e   of  p o l y c o n d e n s a t i o n   r e a c t i o n   p r o c e s s .  

4.  A  m e t h o d   of  p r e p a r a t i o n   of  p o l y e s t e r   as  s e t   f o r t h   i n  

c l a i m   1  or  2,  w h e r e i n   t he   p h o s p h o n i t e   c o m p o u n d   is  a d d e d  

d u r i n g   b l e n d i n g   of  t h e   m o n o m e r .  

5.  A  m e t h o d   a c c o r d i n g   to  any  one  of  c l a i m s   1  to  4 .  

w h e r e i n   t h e   p h o s p h o n i t e   compound   i s  

t e t r a k i s ( 2 , 4 - d i - t - b u t y l p h e n y l ) 4 , 4  - d i p h e n y l e n e  

p h o s p h o n i t e .  

6.  A  p o l y e s t e r   when  p r o d u c e d   a c c o r d i n g   to  t h e   m e t h o d  

d e f i n e d   in  a n y o n e   of  c l a i m s   1  to  5 .  
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